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In the late 1970's, in face of the surmounting Soviet 
Threat, the United States Army began to modernize its force 
by develcping hardware commensurate with the present-day 
levels of technology. New fighting platforms and systems 
were developed and procured. Concurrently, new Manpower 
requirements for specialized training were developed. Key 
questions of whom to train and how to train them had to be 
answered in order to maximize the total effectiveness of 
ktoth machine and orgarizaticn. 

The problem of determining thea maximum number of 
personnel who can enter into special training from the 
different types of jcks and classes of military manpower has 
kecome increasingly complex as the United States Army 
continues its force modernization toward the end of the 
decade of the eighties. It also has become increasingly 
critical to forecast the yearly requirements for perscennel 
to be qualified by sfecial training because of the fiscal 
restricticns established by Congress pertaining to such 
feaining. The task is further complicated when those 
reguirements are desired by type of job and grade level. 

Currently, force modernization has its greatest impact 
on the airkerne community which encompasses personnel of all 
types of special training invcelving military parachuting. 
The preceding manpower proklems are further complicated in 
this ccmmunity ty school capacity and budget constraints. 
The remainder of this chapter provides pertinent background 
information about the airborne community whose personnel 
analysis is the subject of this thesis and defines the prob- 
lems peculiar to the airborne community. * also develops 
the critical questions pertaining to the number of perscnnel 
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who can undergo each type of special training from among the 
different types cf jcrs and grade levels. 

Chapter 2 discusses the formulation of the model. Tie 
highlights the theoretical and mathematical concepts perti- 
nant to the model formulation, and formulates the design of 
the model which will forecast inventory end-strength 
requirements for each type of special training and projects 
those requirements by job type and grade Il1svel into future 
years by utilizing Markov Chain theory. AGawt1oOnarly, ic 
examines the application of dynamic programming as a viable 
optimization strategy in determining the special training 
requirements in the airborne community. Aggregation of the 
forecasting and optimization phases of the overall meds1 and 
a description of their interface will be discussed in the 
remainder of the chapter. 

Chapter 3 discusses the execution of the model. 
Sensitivity analysis of the data is applied to the budget 
Senstraint, attriticn factors, promotion and recruitnent 
baces. 

Chapter 4 discusses the potential of the model as a 
decision making tool and és a manpower planning model. 


A. TEE AIREORNE COMSONITY 


1. Military Occupation Specialty (MOS) 


Each soldier in the United States Army is awarded a 
military occupation specialty (MOS) upon the completion of 
kasic training (BT) and advanced individual training (AIT). 
Foth types cf training are designed to provide the soldier 
with the tasic skills of his specific job. Each MOS refers 
mea specific type of job and job skill. (eg. cook (948), 
mechanic (63B), mortarman (11C), infantryman (11B)). There 
are 3€3 #CS's for which a soldier may be trained. 





Zeke OUuGlaracacion Edentitier (SOI) 


After attaining the basic job skills and teéing 
awarded a MCS, a soldier can undergo special training which 
will award a skill qualification identifier (SQT) upon 
successful completion of that training. There are twenty- 
nine SQI's within the United States Army. This skill iden- 
tifier indicates that the individual is gualified to perform 
some specific skill different from his basic job type. For 
example, an infantryman (11B) who successfully completes 
airborne training is a qualified military parachutist and is 
awarded the SQI of '‘FE'*. This soldier's complete job type 
and jeb skills wculd then be 11B-P. 


3. Grade and skill Levels 


A scldier in the United States Army may be promoted 
through various grade levels. Initially, a soldier enters 
the service at grade level cne. In order to be promoted to 
the next grade level, an individual must undergo a specific 
selecticn precess. This selection process is based upon his 
past perfcrmance, leadership qualities, and time in grade 
and time in service criteria. This selection process for 
promotion 1S Similar at each grade level. For example, A 
sergeant (E-5) is premoted to the grade level of staff serg- 
eant (E-6) once he has 12 months time in grade and 36 months 
time in service and he is selected by a centralized selec- 
meen toarc. The nire enlisted grade levels as correlated 
with rank are listed telow. 


GRADE RANK 
E=1 Private 
E-2 Private 
E-3 Private First Class 
E-4 Specialist 
E-5 sergeant 
E-6 Staff Sergeant 
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E-7 Sergeant First Class 
E=8 Master Sargeant 
ee Sergeant Major 
Additionally, the soldier may move to the next skill 
level (SL) which is partially based upon demonstrated tech- 


nical and tactical competency. These skill levels are 
closely aligned to the grade levels. Movement to the next 
skill level is based upon grade promotion. Maintaining the 


grade level is partially a function of demonstrating comrpe- 
tency in the corresrfending skill level. For example, An 
infantry sergeant, £E-5, (SL 2) who is promoted to staff 
sergeant, E-6, (SL 3) must demonstrate technical competency 
at that skill and grade level. ie ae lae Onsntp between 
skill and grade levels is listed below. 
GRADE SKILL LEVEL 
Rea Neco, bat 
E-5 
E-6 
E- 7 
Sis ele) Je SN) 


wm £&© Ww NO = 


4. Career Management Fie 


Each soldier in the United tates Army has a career 
pattern that he can follow. This pattern is a network of 
jobs as specified by MOS and SL. Examples of this career 
Frogressicn are diagrammed in Figures 1.1 and 1.2 and repre- 
sent the career progressions for CMF 11 and CMF 13, respec- 
tively. There are twenty-eight CMF*s in the United States 
Arny. Cnly CMF 11 and CMF 13 will be considered in this 
thesis. 
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Figure 1.1 
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Career Progression Pattern for CMF 11. 
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+he 82nd ABN Division, 502 


U.S.Central Command 


(A total 


(1500 soldiers) 


C) Pathfinder--referring +o a small unit cf no nore 


than 40-50 soldiers. 


D) Special Forces--referring to the 5th, the 7th, 


and tne 10th Special Forces Groups, 
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and the JFK 
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Figure 1.2 Career Progression Pattern for CMF 13. 


Center and wiscellanecus units. (A total of 
6000 soldiers) 


Airborne training awards the skill qualification for 


Easic military parachuting. Each graduate of this training 
MS awarded the SCI of 'P*. A soldier 1S paid an additional 
Bes while he is in training. Once a soldier completes the 


training, ke is paid $85 per month while he remains as an 
active military farachutist. Active military parachuting or 
"on jump status" is defined as having conducted at least one 
jump in a ninety day reriod. 

Recruitment fcr airborne training largely consists 
ef soldiers from amceng MOS 11B and the SL's 1 and 2. 
Recruitment exists from amcng soldiers of all MOS's and 
SL's. 
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Ranger training awards the skill qualification for 
small unit operations and requires soldiers to be parachu- 
meee dualified prior the the conduct of training. Each 
graduate is awarded the SQI of ‘V*. A soldier is paid an 
additional $85 per mcnth while he is in training. 

Recruitment fer ranger training mainly occurs from 
among MCS 11B and SL*s 2 and 3. However, recruitment is not 
conducted from soldiers of SL 1. 

Special Forces training awards the skill qualifica- 
emem for proficiency in ccnducting covert operations and 
requires soldiers to be parachutist qualified prior +c the 
eemduct cf training. Bach qraduate is awarded the SCI of 
‘Sst, A soldier is paid an additional $85 per month while he 
@eein training. 

Recruitment for Special Forces training largely 
consists cf ‘soldiers from among MOS 11B and SL's 3 and 4. 
Recruitment cccurs frem among all categories of MOS and SL. 


In the United States Army, each soldier holds a duty 
position which is a job category specified by his MOS, SI, 
and SCI. In this tkeésis, reference to duty position will 
denote a particular specification of MOS, SL, and SQI, in 
that crder. The SL designation used is a two-digit code 
with the ‘first digit being the skill level and the seccnd 
digit téing a zero. For example, a soldier with a skill 
level of one will have a SL of 10. If his MOS is 
11B-infantryman and his SQI is P-parachutist, then «hat 
soldier's duty position is 11B10P. 


the Airborne Community 


=e ee Sea SESE a a 


The force vacancies created by attrition and the 
perscnnel mcvements within the airborne community reflect 
the tetal shortages tetween the authorized inventory level 
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and the on-hand inventory level. All shortages can be 
calculateé Ey MOS, skill level, and SQI. 


Shortages = Authcrized Inventory - Current Inventory 


These levels of authcrizaticn by year are given by the 
Perscnnel Structure and Composition System (PERSACS) docu- 
ment and will be assumed to be known and non-negotiable. 
Levels cf authorization do net necessarily equal the 
strengths authorized by the Table of Organization and 
Equipmert (TOE) dccuments. The PERSACS generates the 
authorizaticns of each duty position specified by MCS, SQI 
and grade level and reflects levels annually determined 
based ufon current silitary levels, missions and budget 
constraints. For example, the 82d Airborne Divisicn has a 
rapid derloyment missicn and must be constantly manned well 
above the TOE strength levels. The PERSACS normally gener- 
ates authorizaticens for that unit which are either at or 
above TOF strength levels. 

Changes in the force structure may change the 
authcrized levels and will be reflected in the PERSACS. For 
fos study, 1t will be assumed that changes to the force 
structure will be reflected in each year's authorization 
levels. If the authorization level is 80% of the TOE 
authorized strength level, then all shortages in each 
cCategery will be filled tc the community's authorization 
level (80% of the strength level specified by the TOE). The 
assumpticn will be made that the manpower pool factor is 
also incecrporated into the desired stock levels, as 
explainec teélow. 


8. Kanpower Pool Factor 


In crder to support the assignment policy cf rota- 
tion in and out of tke airberne community, the manpower pool 
factor was created. This simply requires that for a soldier 
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to have the opportunity to professionally develop, there 
must exist another soldier who is qualified to fill the 
vacancy created upon the former's departure. FOr example, 
an Infantry sergeant, E-5, ncw serving in the 82nd Airkorne 
fivision, must have a qualified replacement serving ina 
position cutside the airborne ccmmunity. . 


9. Attrition Within the Airborne Community 


Go> Gee Soe SS SSS SS ES ES ao oS Se = op eam =p a Se ee a ee Re = ae 


A shortage within the airborne community can result 
from personnel who leave the community by either conducting 
an expiraticn of term of service (ETS) move, or by retire- 
ment. EIS movement can occur by: 


1) Voluntary departure once an individual's obliga- 


+ion is net. 


2) Involuntary departure as a result of administra- 
tive or punitive discharge. (2.g. an individual 
is discharged for the good of the service under 
rrovisicns cf Army Regulation 600-200, Chapter 10, 
or he is dishonorably discharged under courts- 
martial.) 


Shortages may also result when personnel conduct a 
permanent change of station (PCS) out of the airborne ccnau- 
nity. This attritior is a vcluntary reassignment out of the 
airbcrne ccmmunity and a soldier automatically revokes 
(terminates) his military parachutist gqualificaticn. For 
example, a soldier in the 82nd Airborne Division may no 
longer want to be a military parachutist and requests reas- 
signment to the 2nd Armored Division, a unit outside cf the 
airberne community. Frior to his assignment, he must volun- 
tarily withdraw the military parachutist qualification and 
Peemool cf "P* from bis official military record. 
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10. FBersonnel Movements Within the Airborne Community 





Shortages may also result from promotions and demo- 
tions within each seqnent of the community. For example, a 
sergeant, E-5, when promoted to stafi sergeant, E-6, creates 
a vacancy for an E-~5 in his segment of the community. 

Transfers within the community result from individ- 
vals who conduct a permanent change of station (PCS) from 
ene segment of the community to another segment of the 
community. For example, A sergeant, E-5, from the 2d Ranger 
Fattalion is reassigned to the 82nd Airborne Division. When 
this type of transfer occurs, a shortage in the losing 
segment's ccmmunity results, while a shortage in the gaining 
segment cf the ccmmunity is filled. Note that these reas- 
Signments by’ PCS are both voluntary and involuntary, and are 
unforseen at the beginning cf the y2ar. It will be assumed 
all intra-community ECS assignments are negligible. The 
present fcelicy of assignment is that those soldiers quali- 
fied in any SQI of tte airberne community will rotate in and 
cut cf the community in subsequent assignments. This is to 
insure the professional develcpment of the soldier and is in 
accordance with the "whole man" concept. 


11. Inventory Levels Within the Airborne Community 


Cn-hand inventory levels are recorded by the United 
States Army Military Fersonnel Center (MILPERCEN) as ending 
inventory levels of the fiscal year (FY). These inventory 
levels are recorded by MOS, skill level, and SQI. Ending 
inventory levels for a year will be assumed to be the same 
as the kéginning inventory levels for the following year. 
For example, ending inventcry level for the FY 1978 will be 
the same as the beginning inventory level for FY 1979. 


~“ 
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the funding for each type of special training in the 
airborne community is extracted from the congressional 
tudget wkich is allocated to the U.S. Army for the purpose 
cf paying the hazardous duty pay for those soldiers on "jump 
status" and for those soldiers undergoing special training 
peculiar to the airborne community. 


13. Frequency of Training and School Capacity 


{ke three tyres of special training in the airtorne 
community are conducted at different times during the year 
and vary in class size and length. Airborne training is a 
three week course beginning every four weeks except during 
two weeks in December. Fifty classes are cycled throughcut 
the year with each class limited to 400 soldiers. Ranger 
training is conducted five times per year with each class 
limited tc 200 soldiers. The training period is eight weeks 
ieduraticn. Special Forces training is conducted twelve 
times per year with each class limited to 100 soldiers. The 


training period is twelve weeks in duration. 


Ee FROBLES DEFINITICN 


In the United States Army, the necessity to maintain 
detailed inventories of qualified personnel within the 
airborne community has required manpower planners to develop 
techniques and models to forecast the force by each duty 
position and to predict the training requirements needed to 
Maintain the prescribed inventory levels for each duty posi- 
tion. Tkese two requirements dictate that MILPERCEN, the 
proponent for personnel assignments, be able to produce 


21 





timely predictions of future ferce levels, training require- 
ments, and the effects of any change within and outside the 
airborne commnity. 


1. Forecasting Future Stocks 
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Manpower planning is matching the supply of peorle 
with the jcebs available { Ref. 1]. This is particularly 
applicable in the airkorne ccmmunity where the duty position 
is the ccmposite specification of MOS, skill/grade level, 
and SQI. Those duty positions which are vacant at the end 
eof the fiscal year are the jobs available for the following 
fiscal year. In the airborne community, each duty position 
(e.g. 11210P--Infantry private, parachutist qualified) can 
ke considered as a specific state into which a soldier can 
ke recruited or promcted and cut of which he can be promoted 
Se attrited. . 

Attrition is the most fundamental of all flows 


[Ref. 2]. Attriticn in the airborne community is both 
voluntary and involuntary. In this case, attrition may 
include intra-community and inter-community transfers 


resulting in PCS andyor ETS movements which can be voluntary 
cr involuntary and have a high degree of variability. 

The objective of forecasting is to predict the 
future inventory levels of the airborne community given 
total recruitment into the ccmmunity and current flows 
within and out of the community. 


2. Cptimization cf Training Requirements 


Once the ending inventory levsls are predicted for a 
specific time period, shortages in certain job types can be 
determined. The budget with which to train new soldiers and 
Maintain the current force levels sets limits on how many 
soldiers can enter into special SQI training. Additicnally, 
the capacity of the school which conducts each type of 





special SCI training restricts the number of soldiers who 
can enter into that respective SQI training. The questicns 
to be answered ares 
1) How many soldiers shculd enter each 
type of special SQI training? 
2) What duty positions should these soldiers fill? 
3) Eow many soldiers will the budget and school 
Capacity allcw to enter into special SQI training? 


C. OVERVIEW 


The remaining charters of this thesis will fermulate a 
model to forecast future force levels in the airborne ccmnu- 
nity by duty postion and to determine the number of soldiers 
to be trained by duty posticn. Only those duty positions of 
CMF 11 and CMF 13 will be considered inthe discussion, 


construction, and execution of the model. 
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II. MODEL FORMULATION 
The formulation cf the model will consist of the devel- 
opment of two different sub-models which together will fore- 
cast future stocks and determine the optimal levels to which 


training reguirements can be filled. 


A. FORECASTING RODEL 


Markov analysis can be used to predict future movements 
of personnel and end strength inventories by duty position 
in the airborne community. For the remainder of this 
thesis, tke fiscal year (PY) will be the time period consid- 
ered. To implement this analysis, certain assumptions about 
the airkcrne community must be met. 

An assumption required by a Markov precess is that the 
end strength inventcries of each duty position within the 
airberne ccmmunity are dependent only on the beginning 
strength inventories of each duty position and the promno- 
eeon, attrition, and recruitment flows during the fiscal 
year. 

A secend assumpticn is that each member of the perscnnel 
system is subject tc cnly cne flow during a single fiscal 
year. This assumpticn may be violated in reality as some 
soldiers may be premoted and reclassified to anew MOS 
Within the same year. However, the frequency of this cccur- 
rence is very stall and is nermally prohibited by existing 
policies. A soldier who is reclassified into a new MCS is 
normally withheld from promotion consideration while a 
soldier wko is prometed is restricted from changing his MOS. 
However, a soldier may be promoted and attrited rom the 
airberne ccmmunity within the fiscal year. This cccurrence 
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is largely limited to SL 1. Promotions in higher SL's incur 
an additicral time-in-service cbligation and preclude attri- 
tion during the same fiscal year. 

A third assumpticn is that the fractional flows within 
and cut of the system remain constant over the time interval 
for which the fcrecast is being made. In reality, these 
froportions will change yearly. In Chapter 4, the relaxa- 
tion cf this assumpticn will be discussed in further detail. 


1. Tke Development of the Markov Process 


The Markov precess is based upon the equation 
Nt) = N(t-1)P + R (eqn 2.1) 
where P is the transition matrix whose individual elements 
p.. represent the fractional flow rate with which personnel 
fron a partiqcular duty position i move to another duty posi- 


tion j during the fiscal year. N represents the force level 


vector whose individual comprenents n. are the numbers of 
Bewdtets in duty position i at the beginning of a particular 
fiscal year {Ref. 3]. R represents the recruitment vector 
whose individual elements rr. are the numbers of soldiers who 
Micer into duty position i ae the end of a particular fiscal 
year. 

The P-matrix is a representation of the interrela- 
tionships among the MCS's, SL's, and SQI's. If there were 
ecnly one MCS and one SQI then the transition matrix would be 
just a representation of the existing promotion policies and 
attritions from each duty position of the overall ferce. 
For example, if the MOS was 11B-Infantryman and the SQI was 
P-Parachutist, then the duty fositions would be 1)11B10P, 
2)11B20P, 3)11B30P, 4)11B40P, 5)11B50P. The corresponding 
transiticn matrix is listed in Figure 2.1 and represents the 
promotion and staying rates within each skill level of the 
airborne community consisting of one MOS and one SQI. 
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Figure 2.1 Transition Matrix I. 


Wren no interrelaticnships exist between the SQI's 
cer the MCS'*s then a series of separate transition matrices 
for each MCS-SQI ccmbinaticn is generated. The current 
force level vector N can be partitioned into smaller sepa- 
rate components. Each component 1s passed through its 
corresponding transition matrix of the <‘*ype shown in Figure 
uel. The resulting ferce levels of the two components are 
then aggregated to form the predicted force level vectcr at 
the fcllcwirg time period. For example, if the MOS's were 
11B-infantryman and 13B-cannon crewman, the SQI was 
F-parachutist for both, and the SL's were 1-5, then the duty 
positions weuld te as listed in Table I. 

The force level vector N would consist of all duty 
positions as listed in Table I. But, since no interdepen- 
dence between the twe MOS's exist, the force level vector N 


can ke déecomposed by MOS into two smaller force level 





TABLE I 
Duty Position 
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vectors x, and A which correspond to MOS 11B and MOS 13B, 


respectively. These force level vectors can be expressed 
as; 

a = (11B10P, 11B20P, 11B30P, 11B4Y0OP, 11B50P) 

x, = (13B10P, 13B20P, 13830P, 13B40P) 


Given that the current FY is designated by t-1, the force 


level vector N(t) of the next FY can be determined as N(t) 


ee eS ty) where the force lavel vectors Le and 


ae) are computed as: 
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Here, P1 and P2 represent the transition matrices similar to 
meames2ticn matrix I. 

Interrelationships among several SQI's within ocne 
MOS create composite matrices. If the MOS remains fixed, 
but the SQI's and grade/skill levels vary, a compcsite 
matrix results due tc the interdependence of the two ScCI's. 


In this case, a composite matrix would be generated. 
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Fer example, if the MOS was 11B-Infantryman, the 
SQI's were F-parachutist and V-ranger, andthe skill levels 
were 1-5, then the duty pesitions for that type of systen 
would be as listed in Table II. 


d 
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TABLE II 
Duty Positions 
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In this example, the SQI'‘s have a fiscal relaticnship as 
described in Chapter 1. The composite matrix listed in 
Figure 2.2 represents the matrix which is appropriate in 
this case. 

Similarly, a composite matrix is created if there is 
an interdependence between a set of MOS's. If such a rela- 
tionship exists then the current force level vector cannot 
be partitioned and a composite matrix results. The actual 
structure of the matrix is a function of the number of 
MOS's, SQIts, and grade/skill levels. 

Fer example, if the MOS's were 11B-infantryman and 
11C-mertarman, with the SQI's and skill levels the same as 
in the previous 2xample, then the duty positions listed in 
Table III exist. 

The matrix listed in Figure 2.3 is the compcesite 
matrix tkrat is then generated and is used to predict force 
levels of the overall systen. In the airborne community, 
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Transition Matrix II. 


Figure 2.2 
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Figure 2.3 Transition Matrix III. 


movements among MOS's are negligible. The underlying factor 
that binds the sub-communities together is the mevements 
from cone SQI to anotker. The transition rates of the sepa- 
rate airktorne sub-ccmmunities (1.é. parachutist, ranger, 
special fcrces) indicate how personnel move within each 
respective sub-community. The fractions of personnel that 
move among the sub-ccrmunities also contribute to the deter- 
Mination cf the force levels of the next fiscal year. 
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atrices for CMF 11 and CMF 


The architecture of a transition matrix for any CMF 
is generated by imbedding a series of matrices. The precess 
which gererates the transition matrix is 1) begin with the 
SQI matrix, 2)imbed the MOS matrix within the SQI matrix, 
and 3)imked the skill levels within the resulting matrix. 
At each step, relaticnships among either the SQI's and/or 
the MOS's determine whether a composite matrix cra series 
eof separate matrices is generated. Fon eectne i! and sGhF 13; 
the following MOS's exist among the three SQI's of the 
airberne community as listed in Tables IV and V, 


respectively. 


. 
: 
: 
| 
: 
| 


epecific SQI. 


| TABLE IV | 
| CMF 11 
i 
| 
Parachutist Ranger Special Porces { 
MOS ha Soc V¥ * Ser 's4 | 

11B x x 
| 11¢c x x x { 
1148 x | 
'x' denotes that the MCS is authorized within tke | 
| | 
{ | 
| ( 


f 
| 
| 
| 
| 
L 


The first step of generating the transition matrix 
Bec cither CMP is tc construct the SQI matrix. All three 
SQI's are related by the congressional funding as mentioned 
in the previous chapter. Thus, a composite SQI matrix is 
generated as illustrated in Figure 2.4. This composite SQT 
matrix would be the same for both CMF 11 and CMF 13. 
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— Sie ee — 
{ TABLE V | 
| CMF 13 | 
; | 
i Parachutist Ranger Special Forces | 
MCS SQI ‘'F°* SQI ‘'v* Son *s* { 
| 13B x | 
eC x 
13E x | 
13F x x 
| SSF x | 
AC x 
{ 178 x i 
| 13R x { 
| 8 ZC x | 
Hay x | 
. 12W x i 
i 13Z x { 
‘xy’ denotes that the MOS is authorized within the 
specific SQI. : 
a font, 


The second step of generating the transition matrix 
for CMF 11 cr CMF 13, is to imbed the MOS's which exist in 
each SQI of the airbcrne community within the SQI ccmpcesite 
matrix. Each MOS is related by the career progression 
pattern as described in Chapter 1. The resulting matrices 
for CMF 11 and CMF 13 are diagrammed in Figures 2.5 and 2.6, 
respectively. 


Tke final step in generating the transiticn matrices 
for tcth CMF 11 and CMF 13 is to imbed the skill levels 
within the matrices previously generated in the seccnd step. 
The transition matrices generated for CMF 11 and CMF 13 are 
shown in Figures 2.7 and 2.8, respectively. 

This basic architecture of the final ‘transition 
Matrices for the corresponding CMF's will be utilized in the 
next chapter when the execution of the Forecasting Model is 
discussed. 
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SQI Matrix. 


Pigure 2.4 


SQI MATRIX FOR CMF 11 (MOS-IMBEDOED) 
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MOS .Mateix for CHF 11. 


Figure 2.5 
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SQI MATRIX FOR CMF 13 (MOS-IMBEDDED) 
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Figure 2.6 


fOr CMF V3. 


MOS Matriz 
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EF. QOEFTI#IZATION MODEL 


1. Tke Development of the Objective Function 


The first task in the development of an optimization 
model is to determine its objective or goal. The number of 
soldiers who shculd enter training is a function of the 
shortage at the current fiscal year for each duty pcsiticn. 
The number cf scldiers who will fill the vacancies in the 
next fiscal year is a fraction of those soldiers who will 
complete the required SQI training. If no shortage exists 
in a particular duty position then no requirement fer a 
trained recruit is generated. However, if a shortage does 
exist, then that shcrtage generates the requirement fora 
qualified person of that particular SQI. The applicaticn of 
the course completicn rate pertaining to a particular SQI 
determines the number needed to enter such SQI training. 
Togs, if the number of shortages is minimized then the 
Number required to enter each SQI training is directly 
affected. Ideally, it would be désirable to have no 
shortage at all in any duty position. This would mean all 
duty positicns weuld be filled to their authorized levels. 
But, budgetary constraints do not always allow all duty 
fositions tc be filled to their authorized levels. Hence, a 
goal of the optimization medel is to reduce the overall 
shortage within the airborne community. 

Ttée snortage in the airborne community for any time 
reriod a is graphically represented in Bagilee.” 2.9. 
Mathematically, this shortage can be expressed as: 
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TIME M 


MINUS CURRENT FORCE LEVEL AT 
TIME M-1 





MINUS COMPLETIONS OF SOI 
TRAINING DURING TIME(M-1, M) 


SHORTAGE IN 
THE AIRBORNE 
COMMUNITY 


This shortage can te further defined as: 


ae ES ee - ae Se LULU 


Authorized Current Course Poecranes  in<o 

Force Level - Force Level + Completion e SQI Training 

at time o at time m-1 Rate een 
m= m : 


Note; The current force level at time m-1 is the 
attrited force level generated by the Markov process 
descrited in the previous s¢ction. 


eS SSS ee ES SS ee Se 


Figure 2.9 Shortage in the Airborne Community. 
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Sear (N t(D. ©. X)) 


where S represents shcrtage 
A represents tke authcrized inventory level 
at time period an 
N represents the current force level 
at time period m - 1 
bk represents tke course ccmpletion rate 
X represents the number of personnel who 
enter SQI training . 
For each job type, this rélationship can be expressed as: 


S. 5 oy gl cl (1. a ae oo ae? (eqn 2.2) 
1jk ijk ijk k ijk 
where i déenctes the specific MOS 
j denotes the specific grade/skill level 
k denctes the specific SQT. 

The symbcl S.. represents the shortage for each duty pesi- 
tion as eter by 80S 2, SL je and SQ k. We let A. 
and ep be the same quantities as in the preceding erry 
except that each refers to a specified duty fosition 
descrited ty the subscripts i, j, and k. The course conple- 
tion rate is represented as a for SQI k andis net depen- 
dent on ior j because no distinction is made by MOS andyor 
SL while a soldier is undergoing SQI k training. The symbol 
XS 5k represents the number of personnel with MOS i and SL j 
mo Should enter intc SQI k ‘training in order to f1i11 the 
vacancy ir a duty pesition specified by i, jand k. In 
accordance with the cptimization of training requirements as 
discussed in Chapter 1, the decision variable chosen fcr 
Sats cptizization is ecg 

As discussed in the previous chapter, the authcrized 
inventory levels are frovided by the PERSACS document. The 
course ccmpletion rate of each type of SQI training is 
provided frcem empirical data while current force levels are 


either provided by historical data for the initial time 
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rericd cr ty the predicted force levels of the succeeding 
time pericds as generated by the Markov process described in 
the previcus section. The interpretation of (b 2285 pst is 
; ij 
the number of qualified soldiers who will enter inte the 
airborne community. Since the elements of the expression 
(A. - N..) are derived from known data, ‘this expression 
ay X 
can represented as a single tern Se ape 
+j 


a = (A. rant N. : ) e 
i<k ijk 1jk 
By substituting the tern ore into Equation 2.2, the result 
of 
iss 
S =a - (db e@ X . eqn 2.3 
ijk agK | Ok * Ta 5K? a 


Thus, . since the ob-ective is to minimize the sum of all 
shortages of personnel for each duty position as specified 
ty MOS i, SL j, and SQI k, the objective function can be 
mathematically expressed as: 
Minimize | >, ore - (e e ree 
lo ies 

This objective function assesses the same penalty to 
€ach vacancy of each type of duty position. The penalty of 
the first vacancy is ¢qual to the penalty of the second and 
third and sc on. Althcugh this scheme may be mathematically 
feasible, 1+ does net realistically capture the dynamics of 
mits protien. In tke airborne community, unit readiness is 
inversely related to the shortage of personnel. 

For example, as the shortage of personnel increases 
the unit effectiveness decreases. Teva unis Of one hundred 
mén 1s short ten men then it is considered to be able to 
continue its primary missicn. But, if that same unit is 
Short twenty men, it is considered able to continue its 


primary mission subject to certain restrictions. When that 
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unit is shert ferty men then itis considered unable to 
perfcrm any of its primary missions. 

fies tLOnesor Wanat  Felationship fteally exists 
between shortage and readiness has not really been quanti- 
fied. However, it is accerfted that an inverse relationship 
does exist between shortage and readiness (Ref. 4}. ALSO; 
the assumption will fe made that there is no penalty for 
reing over the authorized level in any duty position. The 
Marginal difference ketween each shortage can be viewed as a 
fenalty and must increase with each successive vacancy. AS 
a result, the desired form cf the objective function is 
graphically shown in Figure 2.10. Thus, the linear rela- 


tionship is clearly net adequate. 
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Figure 2.10 Penalty Versus Shortage. 


Tte rate at which the objective function increases 
for each additional vacancy will be assumed to be quadratic 
and the ckjective function will be expressed as 
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2 

Minimize ~ : are - (D ° Soap JE 
fhe guadratic function satisfies the inverse relationship 
described earlier in this section. This choice of objective 
functicn is arbitrary, but it does have the property of 
penalizing each additional shortage with increasing 
severity. Cther objective functions could be handled using 


the same methodology discussed below. 


2. Zhe Development of the 


onstraints 


Trere are twe factcrs that restrict the decision 
variatles xX... One is the budget while the second is the 
school capacity. The total number of soldiers who enter SQI 
training cannot exceed the capacity L of the respective 
schocel during the ccrresponding time period. Also, the 
total ccst of training all soldiers who enter all sgt 
training cannot exceed some budget level, B, which is allo- 
cated for SQI training. Mathematically, the school capacity 
constraint can be expressed as; 


> x Se <u lj gyess % 
ee 


For example, if five hundred soldiers can be accommodated in 
Tanger training thrcughout the year by the United States 
Army Ranger School, then the total number of soldiers of all 
MOS's and skill/grade levels that can enter into that type 
memogl training is lirited to 500. This limitation can be 
the result of living accomcdations, student-cadre ratio,or 
any other factor which sets a physical restriction oon the 
number of students that can be effectively trained. The 


kudget ccnstraint can be mathematically expressed as: 
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222 ae ee 


Bere t is the training ccst for the kth type of SQI 
freai ning. The derivation of this cost will be discussed in 


the fcllewing section. 


3. Ike Cost of Training 


While the soldier is undergoing training, hazardous 
duty pay is paid until that training 1s completed. Ifa 
soldier fails to complete the entire course, he is paida 
pro-rated sum dependent on the length of training completed. 
Some soldiers will fail in the early portions of the course 
while scme will fail in the latter portions of the course. 
If times cf failure are assumed to be uniformly distributed 
ever the fiscal year, the average time of failure is the 
midpcint of the training period, and the cost of that 
failure is half the cost of training a soldier fer the 
entire fiscal year. 

Once a soldier ccmpletes Ene mtealning and Ls 
assigned to a unit within the airborne community which is on 
‘jump status', he is paid hazardous duty pay until he leaves 
the airborne community. This cost represents the cost to 
man the force and is dependent on the time when a soldier 
enters tke airborne ccmmunity. Some soldiers will enter in 
the keginning while some will enter during the latter 
frorticn of the fiscal year. As a result, the distribution 
ef entry times into the airbcrne community by soldiers just 
completing SQI training is also assumed to be unifernly 
distrikuted over the fiscal year. Therefore, the average 
meme Of entry is the midpoint cf the fiscal year, and the 
cost cf menning that soldier is half the cost of manning a 
soldier fer the entire fiscal year. 
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Nec cdtiesoldeicrsuwhe enter anto SOI training will be 
assigned to a duty pesition which is a part of a unit on 
‘jump status'. Therefore, this manning cost will only apply 
to those soldiers whe fill duty positions which belong to 
units on ‘jump status". The percentage of shortages of 
‘jump status* units with respect to the total shortages can 
ke expressed as? 

the number of "jump" vacancies in SQI k 

PCT = ern ern rn nnn sr ren nn ee (eqn 2.4) 
kK the total vacancies in SQI k 

The total ccst of training for any fiscal year is 
the sum of the hazardcus duty fay for soldiers who compléte 
and fer those who fail SQI training and the hazardous duty 
pay fer the remaining fiscal year for soidiers who complete 
training and are subsequently assigned to a"“jump™" unit. 
This is qrarphically represented in Figure 2.11. 
Mathematically, this cost a is expressed as 


T = (c eb eX )+t(c /2e(1-b )eX )+(m/2eb eX )ePCT 
k k k ijk k k ijk k ijk k 
where T represents the cost te train all soldiers 
; in SQI k during the fiscal year 
c represents the cost to train one soidier 
in SQI k 
gk represents the course completion rate of 
SQI k training for the fiscal year 
m represents the cost to man one soldier in 
the airborne community for a fiscal year 
ap represents the number whe enter training 
during the fiscal year 
i. represents the percentage of ‘jump status! 
vacancies ina fiscal year 


By algekraic manipulation, the following expression results. 
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T = 1/2 c + me PCT )eb j* Cc e xX 
k ol AN ere ok ijk 
Since X. is the variable equal to the number of soldiers 
al ; 
who enter into SQI k training from MOS i and SL j. The cost 
incurred by each soldier entering into a particular tyre of 
SQI training during the fiscal year is 


t+ =1/2 $ PCT )eb J*# c }. eqn 2.5 
: / CE (c, n @ 2 = (eq ) 
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Figure 2.11 Cost ef SQI Training. 
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4. Ike Optimizaticn Pr¢eblem 


The mathematical representation of the optimization 


problem is: 


2 
Minimize a - b eX objective functicn) 
222 eK eGie vee- 
1 Jj 


Subject to S >> 7 4 ey < B (budget constraint) 

sk 

ieee 

> >, Ko, SL (school capacity) 

- 1jk kK 

cs ee 
cows 0 (non-negativity) 
24K 


Note that this problem can be viewed as three subpreblems 
related Fy a budget restriction. This allows the original 


problem tc Fe re-written in the following format. 





FARACHOTIST RANGER SPECIAL FCRCES 
Z 2 Z 
MIN > (a, -b eX ) ee es) ee Gey ox 5 
a. seats 23 1 aL S|) 74 8 7a ioe 3 293 
17) 7 { 
> tie x + tek. | ~ pane ae < B 
. 1 aie i Fe alc 32 a:93 
1¢) { { 
ko ! | < L 
: 13 
aed | 
> X <oL 
| ao 132 | 2 
{ 17] | 
Ss Ke SE 
| <3 13 3 
{ { 1,j 


If the cptigal porticn of the budget allecated to 
each sukproktlem is krewn then each subproblem can be solved 
independently. Thus, the critical question is "how should 
the overall kudget be allocated to the three subproblems?" 
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Dynamic Programming is an Opeimezing Strat egy 
fRef. 5] nermally applied to a class of problems which 
require a sequence cf related decisions and is ideally 


— eae a a SG > SS ap 


aS SS ee SE cei 


83 82 Bl 
STAGE 3 STAGE 2 STAGE | 
SQrI s SQI V SQI P 
X3=3 XO=0 
X2=X3-83 X1=X2-32 


R3(B3) R2(B2) R1(B1) 


Pigure 2.12 Stage Diagram for the Airborne Community. 


suited for the question just posed. The problem can be 
viewed as shown in Pigure 2.12 where each stage corresronds 
to one Of tke sutproklems. For example, stage 1 represents 
+he subprcblem pertaining to parachutist training. Entering 
into a farticular stage k is the state variable xX which 
correspcnds to the remaining budget to be allocated. Also 
associated with each stage k is a decision variable B which 
represents the amount of the budget allocated to stage k 
and a stage return function R (B ) which gives the shortage 
penalty associated with that stage (SQI) as a function of 


the decisicn variable a The construction of the stage 
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return function is discussed in detail later in this 
secticn. 

Mhe Oliginal “question pertaining to the allocation 
cf the budget among the three subproblems can be stated as: 


3 
tanh Ze Ek (B 
: id as 
k k=1 
2 
Subject to > B.S 8B 
k=1 
and B 2 0 Bomke = 14253 


k 


3G Pa is defined to be the cptimal (minimum) 
total penalty from tke stages 1 through k, then the dynamic 
programming recursive equations for all stages except the 


first can be mathematically written as: 


f (X) = MIN (R (B) + f (Xx ) ic =X -B 

kk aa einen k K 

where R (BY) represents the shortage penalty for the kth SOI 
ae MES BL represents the remaining Minimum penalty assoc- 


diated with the stages 1,2,...k-1 after the de- 
cision Bk has been made and a budget of Xk-1 
remains. 
For this specific oreklem, when there are three stages, the 
recursive equations can be expressed as: 
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STAGE 3 £_ {x Miner (Bj) + £ (Xap), K = X. - B 
3 %,) 7 ee) ee 


2 3 3 

3 
Sacre efee) =—M—EN [R (8 ) + £ (XK )je X =F - 8B 
ae: B, 2 2 54 1 2 2 


iT 


STAGE 1 f (X MIN [R (B)}. 
Hes 2) i oe 


7 


These recusive equaticns reflect the principle which 
was stated ky Bellman [Ref. 6] as the principle of opti- 
mality. 


“An optimal pclicy has the. property that whatever the 
initial state and initial decision are, . the remainin 

decisicrs must constitute an optimal cee with regar 

to the state resulting from the first déecision." 


Specifically, no matter what decision is made on how much is 
to ke allocated +0 farachutist training, the decisions 
rertaining to ranger and special forces training must 
constitute an optimal policy with respect to the remaining 
budget. Thus, the recursive equation for f (X_) combines 
the immediate penalty R (B_) with the ancien ernie fron 
the ranaer and special Rene ce SQI which is expressed as a 
function f£ of the remaining budget Se ele 

The solution cf the recursive 2quations Listed above 
rkegins with the computation of f (X ) for all values of i 
which range tetween zero and the budget restriction B. Once 
this is ccmpleted, tke function f PS is computed for all 
values of X between Q and E. Finally, the function f (X ) 
is calculated for the given value of budget B. aoe 

The preceding discussion assumed that the return 
EGgnetions Bo UB) aré available; and, if so, then the 
strategy cf dynamic frogramming can be used to determine the 
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cptimal allocation of budget B to the three stages ccrre- 
sponding tc the three types of SQI training. The construc- 
tion of the stage return function will be discussed in the 


following section. 
a. Determination of the Return Function 


The stage return function R (B ) represents the 
frenalty associated with SQI k when 2 fours of the budget 
are alliccated to kth type of SQI training. The construction 
of the stage return function oe EOumone:t ype. OL 50 L 
training will be discussed. 

The cptigization problem for the kth type of SQTI 
training can be mathematically expressed as: 


2 
Minimize 2 y J a - Pp oa ah (objective functicn) 
+ 3 


Sukject to Sy > es eX. . < an (budget constraint) 

L 

ij : 

>) », Meche (sehool Capacity) 

Ae ijk k 

+ Jj 

X.. 20 (non-negativity) 

ak 


where Bk represents a portion of the overall budget. 


Note that the arount of budget allocated in a particular 
mype cf SCI training is a function of the cost of training 
Se and the number entering training X... Further, the 


. % 


soluticn to this protlem must yield an optimal value with 
Tespect tc each value of B. This optimal value is the 
return function value pale) described in th¢ previous 
secticn. 


The objective function can be expressed as: 


=) | 





Z b ( ( (poe) X ‘a 
_ a = 
k Oy, ijk k ley 
1,) 

and the ccnstraints can be written as 
oS eee 
. ijk k «k 
i Jj 
ya L 
1Ljk k 
in 3 


0. 


lA 


x. 
ijk 


IV 


Note that only one constraint will be active. 


cE on 2 cae then tke first ccnstraint is the more restric- 


tive cone. On the cther hand, oe. S< B7e., the second 
constraint will be the more restrictive one. Because of 


this unique structure, the problem can be rewritten as 


Minin: Z so ( ( b ) X — 
Inimize = a J - 

k es ijk k ijk 

1,Jj 
Subject to x < CP 
? 2 2 ijk k 
+ Jj 
Kone 2 0 
1jk 


maere CP = MIN({L ,B st }. 
k PR 


The capacity restriction CP places an upper 
kound on the total number of training ee which can be 
allocated to that SQI. Moreover, a training allocation will 
ke made in the categcry specified by the subscripts i, j, 
and k, having the greatest "shortage" (op Aone 

This prektlem can now be viewed as a_e single 
resource allecation freblen. Each additional man is allo- 
cated where the marginal decrease in the objective function 
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is greatest since tke penalty is nost severe for the posi- 
tion of greatest shortage. iMmmoncech tO Lacilitate <=his 
allocaticn scheme, all shertages within a particular SQI 
categery are ordered with the category of greatest shortage 
first. Allccaticns are made until the remaining shortage of 
the first category is equal to the shortage of the second 
categcry. The allocations then continue with alternating 
allocaticns being made to these two categories until both 
shortage levels are equal to the shortage of the third 
category. The allocation scheme continues in this way until 
all shortage levels are reduced +o zero or until the 
capacity res*riction CP beccme binding. 

Once an allocation is made, ‘the value for the 
objective function of the subproblem is calculated. These 
values with their corresponding budget values constitute the 
return function aS BOE that Particutar SQL categcery. 
Further, these values are optimal for the corresponding 
tudget values. Alsc, the allocations are the optimal 
distribution plan for a specified level or the budget. 

An example of the ccnstruction of the stage 
return function R (B ) is listed in Tables VI and VII as the 
distribution plan andthe return function values, respec- 
tively. In this example, the «wo duty positions 11B20V and 
11B30¥ have existing shertages of three and two, respec- 
tively, andthe cost cf training a soldier in this partic- 
vlar SQI was ten dcllars. The allocation procedure as 
descritred atcve was pregrammed for a computer. The FORTRAN 
program is listed in Appendix A. 


Eeeapelicat2cn of a Special Algorithm 


In the preceding rfroblen, the solution precess 
viewed tke whole proklem as three budgetary-related subprcb- 
lems ina particular sequence. However, this preblem 





_ aed _ — <a 
( TABLE VI i 
| e e e | 
| Distribution Plan | 
| 1st ALLOCATICN: | 
Ishortage, . { 
inital Remaining Allocation 
S 2 1 11B20V | 
2 2s 0. 11B30¥ | 
{ 2nd ALLOCATICN: 
.,. mortage 
JPrelal realy se Remaining ALLOCcac2on 
g Ue Ze 11B20V | 
| Jae Zs 0. 11B30V | 
3rd ALLOCATICNs 
| .,,shortage . | 
] Limo sre alll Remaining iLO Ca c2on | 
| Je 1. 2. I11B20V { 
rg ie Ve 11B30V | 
{ Gth ALLOCATICN: 
.,,ohortage | 
Initial Remaining Allocation 
je 0. 3. 11B20V 
25 1. re 11B30V | 
{ Sth ALLOCATICN: | 
.,, shortage 
Pnlecaa L Remaining Allocation | 
de Ole Jc T11BZ2Ov 
Za - ‘ TIB30V { 
aaa __ = 


. 


TABLE VII 
Return Function Values 


Beer Z-Value 
0 100 
2 81 
30 64 
4 49 
50 36 
Note: The Z-value is the value of the objective 
Eunetion £Or a particular SQI. 


OOo 


iinesnaee soe saaecse 


| 
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pertaining to the airtorne community has the distinct frep- 
erty that allocating to the category of greatest shortage is 
equivalent to allocating to the position which cortributes 
the greatest marginal decreas? in the objective function. 
This protlem can now be viewed as a "knapsack" problem which 
asks for cptimal allccations of parachutists, rangers, and 
special ferces soldiers tc training, given a particular 
budget. If the specified budget is treated as a knapsack, 
it can ke filled by adding training allocations of deéesig- 
nated costs which when added to the knapsack will marginally 
decrease the overall shortage of the personnel systen. The 
ese for €ach training allocation is the training cost fer 
each soldier sent into a designated type of SQI training. 
Fach training allocation in the knapsack is a different item 
with a specific value and ccst. Thus, the optimization 
problem can be restated as: 


3 
Yinimize Ss = v (xX 
2 K k 


3 
Subject to Dat ox, $B 
k=1 
Kee 0 
k 
where S represents the shortage function ( (A~F) -~BkeN) 


v represents the return (penalty) function for the 
Ken c£yp2 Of SOL training 

[Se pEesemms the training cost forsthe kth type of 
SORES alning 

X represents the number cf soldiers allocated to the 
hence ype Of SOL training. 


The ECCUEIN cUunc. 1On v is a marginally 


Sp. 





decreasing penalty furction where each additional allocation 


decreases the shertage function S at a marginally décreasing 


| 
| 


——-—-———---------— 
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Figure 2.13 The Return (Penalty) Function. 


rate. This is graphically represented in Figure 2.13. The 
return function can further be defined as: 


Xk 
v_ (Xx = M (3 
Oe 2 na 
1=0 
where te, represents the marginal return (decrease) asscci- 
ated with the increase in allocation fron Sa 
tok (=. 
k 


The marginal return oe! is mathematically defined as: 


M (2) =v (i a ae a 
k k k+l k k 
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Ar walgotithm whieh exploits the structure of the 
knapsack preblem is the backward-looking algorithm discussed 
by Dreyfus and Law [(Ref. 7], although ‘that algorithm is 
presented only in the context of constant marginal returns. 
In the fpreklem pertaining to the airborne community, the 
values of v. are decreasing but the implementation of the 
algorithyg cme same. In this problen, Ze GeelsS2on LS 
Ntinto which category do we place the first and each subse- 
quent training allocation?" Once an allocation is made to 
the ith category, a value v. is obtained and the remaining 
availatle budget is E-t.. The recurrence relation for €£ (B) 
can ke written as: = 

(By >= ecb a ee uae + £(3-t)) 


—~ «9 
where £(£) represents the cptimal (minimal) total penalty 
that can te obtained from the three SQI categer- 
jes when the availatle budget is B. 
ME, represents the cptimal value of 7 when the 
available budget is B. 
Therefore, given a specific budget, an optimal scheme of 
allocaticrs among tke three types of SQI training can be 
computed. 

Two conditions make the algorithm easier to 
implement. First, that the costs and the budget are all 
integer or can be scaled to be integer. For example, if the 
budget was $10.40 then it can be scaled +0 1040 cents. 
Second, that the greatest ccmmcn divisor among the budget 
and ccests is one. 

An example of this algorithm is graphically 
represented. The costs t., the marginal returns v., and the 
categcries of shortage ace listed in Table VIII. A hori- 
zontal line is shown in Figure 2.14 which represents the 
availatle rudget in dcllars. 
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6 i se ama ne 5 a aS 

TABLE VIII | 

Costs and Marginal Returns | 

i 

TRAINING A TRAINING B TRAINING C { 

E1 V1 B2 V2 B3 V3 | 

1 <5 1 -18 1 -4Wé | 

2 7-4 2-17 2 743 \ 

3 273 3 -11 3 #9 } 
GQ -2 uy =-8 4 —-1 

5 -1 5 -7 5 0 | 

Cests of training : tA=1, tB=2, tC=3 I 

Budget: B=10 

| Shertage: SA=5, SB=5, SC=5, j=3 | 

cere cane cae cae > core eee ce ce eee ce ee eee ene ee een EET SUD ane cena <ne-eeee EEE ETERS CURED PETTERS epee eon eS 


ie ee ee fe ie ene een ee oR See a ES RUE Tt eee een os ee ee 


Figure z.14 Available Budget. 


At any point ©, a template of SQI training costs 
* graphically portrays the possible paths by which the 
budget ccrresponding to point P could have been reached. At 
point P (kudget = 7), the optimal solution is sought and the 
graphical representation of the situation is shown in Figure 
m5} Allccaticn vectors are also shown for budgets 4, 5, 
and 6, and represent the oftimal allocation among the three 
types of training at the point directly above. 

From the foint P, an allocation can be deter- 
mined by looking back to the allocations made at the budget 
levels 4, 5, and 6. From the budget levels 4, 5, and 6, a 
training allocation can be made to training types C, B, and 
A, respectively. The corresponding costs and marginal 
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Figure 2.15 Available Budget. 
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values for the allocations to training types C, 8B, and, 
are $a, $2, $1, and -43, -17, ~5, respectively. The optinal 
solutions at 4,5 and 6, were -51, -64, and -89. The three 
prossikle values for feint P are: 


Marginal Value + [ £(B-t) ] Possible Value 
- 43 + Soul = =o4 
-17 + -64 = -81 
-5 + -89 = “94 
Given a Eudcet of seven, the optimal allocation vector can 


be formed by the addition of a training allecation in 
categery C *o the allccation vector of budget 4 or the addi- 
tion cf a training allocation in category A to the alloca- 
men vectcr Of budget 6. (1.e. The vector (1,0,1) for budget 
equal to four becomes (1,0,2) for a penalty of -94.) 

Cnce the optimal allocation of the budget is 
determined, the distributicn plan generated as discussed in 
the previous section and listed in Table VI designates the 
Epecific duty positicns for each type of training. The 
application of this algorithm to CMF 11 and CMF 13 will be 
discussed further in the next chapter. 
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C. THE AGGREGATE MODEL 


The forecasting and oftimization models when linked 
together form the aggregate model which meets the goals 
estaklisked in Chapter 2. There are two bends that exist 
bketween the models. The first connection is an output-input 
linkage kretween the forecasting and optimization models. 
fhe force vector N which is generated by the forecasting 
model is an integral part cf the quadratic objective func- 
tion within the cptigization model. The individual 
components nn of the force vector as defined earlier 
represent the number of soldiers in duty position q at the 
end of tke fiscal year. The subscript q refers toa duty 
Bosition specified by MOS i, SL j, and SQTI k. The ccrre- 
spondence fetween subscript gq of the forecasting model and 
the subscripts i, j, k, of the optimization model is seen in 
Figures <.7 and 2.8 cf secticn A.1. This definition is the 
same for the force level variable er Of thegoptinizat ion 
model. The correlaticn between duty position, MOS, SL, and 
SQI as discussed in Chapter 1 leads to the following rela- 
tionship ketween the two models: 

Mi Ne 2k. (eqn 2.6) 
g aK 
Hence, the force vecter N is the output-input link which is 
generated ky the fcrecast mcdel and subsequently is the 
input to the optimization medel. 

The seccnd connection is also of the output-input types. 
The oftimal value of the decision variable xX, is essential 
in generating the recruitment vector R of the forecast 
model. The quantity VB Ot nell represents ~he number cf 
soldiers with MOS iand SL j who must complete SQI k 
Prarning. The individual components r of the recruitment 
vector represent the number of soi gas ane must enter into 
duty pesiticn q at the end of the fiscal year. Since the 
completicn of SQI training is a prerequisite for entrance 
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into any airborne surfcommunity, <r is equivalent <*o the 
number of scldiers ina particular dos and SL who complete a 
Specific type cf SCI training during the fiscal year. 
Because cf the ccrrelation between duty position, MOS, SL, 
and SCI, the following relationship results: 


2 = Yee (eqn 2.7) 
This relaticnship between XK and R is the second output-inrut 
link Fetween the optirizaticn and forecasting model. 

The process of tke aqgregate model is cyclic. A grarh- 
ical representation cof this process is shown in Figure 2.16. 

Ingplementaticn cf the aggregate model begins by 
ebtaining the number cf promotions within and attritiors out 
cf the airkcrne community frem historical data. Also, the 
autherizaticns and current force levels pertaining tc the 
initial fiscal year t+ must ke obtained. 

Cnce the above data has been obtained, the process will 
continue with the determinaticn of the recruitment vector R 
myeche optimization wcdel. The recruitment vector is then 
used in the forecasting model above to generate the force 
vector N for the next fiscal year t+1. Subsequently, the 
force vector N for fiscal year t+1is used in the optimiza- 
tion model as part of the objective function tc generate the 
Becruitment vector R fer the next FY t+1. If the forecast 
pertains to multiple years, then the process is repeated 
tntil the multi-year forecast is completed. The execution 
of the aggregate model and its application to both CMF's 11 
and 13 will be discussed in the following chapter. 
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Figure 2.16 Aggregate Model Process. 
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III. FXECUTION OF THE MODEL 

iit hts Chapter , the data required to estimate the 
parameters for the optimization and forecasting models will 
ke discussed. The parameters of both models will be calcu- 
lated frem empirical data of fiscal year 1983. The results 
generated Ly the aggregate model which are applicable to CMF 
11 and CMF 13 and pertain to the subsequent fiscal years 
will te discussed at the end of this chapter. 


A. DISCUSSION OF DATA 


1, The Optimization Model 


There are four parameters which must be calculated 
bkefore tke model can ke run. The first two parameters are 
mee Ccurse completion rate b and the training cost ie for 
Bor Gach of the three SQI's which affect the operaticn of 
the cptinizaticn model. The cther two parameters are the 
cverall training budget B and the school capacity L ROG 
each cf the three SCI's. They are considered given and 
non-negotiakle. However, to operate the optimization model 
for only CMF 11 and CMF 13, an estimated percentace of the 
last two parameters affected by the respective CMF's needs 
to be determined. If all CMF's were considered in the cper- 
ation of the optimization model then the budget and the 
school capacity would be the amounts originally stated. 


a. Course Ccaopleticn Rate 


The course completion rates b , (k = PB,V,S) for 
the three types cf SCI training conducted during FY 83 were 
calculated by the Army Training Requirements and Rescurce 
System (ATTRS). These rates are listed in Table IX. 
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TABLE IX 
Course Completion Rates (FY83) 


4:1 ee 


SQI Training Course Completion Rate 
P- parachutist - 81 
V-ranger - 64 
S-special forces 5 2S 


. 
Z 


Ee COst. of Training 


The training costs t ,(k = P,V,S), for the three 
types of SCI are calculated by using Equation 2.5. The 
critical step in calculating the training cost tk is to 
calculate the percentage of soldiers who go to follicw-on 
“Sump" assignments ufpen completion of the SQI training. fThe 
empirical data used to calculate this percentage, ECCI 
(k=P,V,S) for the three type of SQI's is listed in Tables X, 
me, 606C«CX II. Ustne, EquwWatzon 2.9 in Section B.3 of Chapter 2, 
the ccrrespending percentages are listed in Table XII. 

Two additional items are needed to calculate the 
meaining cost t Romeeacha £¥pe Of SOT. The first item is 
the individual hazardcus duty pay prorated to the duration 
ee training. The following hazardous duty pays Sc 
(kK=P,V,S) fer the three type cf SQI's are: 


$63.75 {3 weeks 0 $85.00 per month) 
$170.00 (8 weeks ® $85.00 per month) 
$255.00 (12 weeks @ $85.00 per month). 


The seccnd item needed is the yearly manning cost mo which 
represents the hazardous duty pay given to a soldier on 
"Sump" status during the fiscal year. This cost is $1020. 


With the course completion rates listed in Table IX, the 
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SQI P (FY 83) 
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TABLE XI 
SQI V (FY 83) 


= INVENTORY INVENTORY "JUMP" TOTAL 
PostTION pATTON ¥/O POOL W/POOL SHORTAGE: SHORTAGE 
"7318107 "5B ( 116 212 248 = a 
11B20V 142( 284 253 315 -- = 
11B30V 220 { 440 200 29 20 147 
TIBYOV 83( 166 127 20 —— a 
11B50V 32 64 46 12 -- -- 
11C10V 0 0 15 1 -- = 
11C20V 6 12 17 1 -- a= 
11C30V 6 12 8 1 
eiby St : . 
13F20V 18 36 15 2 3 14 
13F 30V 8 | mI 5 3 8 
TOTAL 26 169 
3 he fiqures in parenthesis are the authorizations which 
ce parcmude the 5 oP MANPOWER FOOL FACTOR described in Chapter 1. 


1b>WON Sf OWW~IS WW 
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a 
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training costs Eo (k=P,V,S) can now be calculated ky using 
Boygation 2.£0f Section B.3 in Chapter 2 and are listed in 
Table XIV. 


¢. Training Eudget 


The training budget of the airborne community 
for FY 83 was 2,800 man-years. This is converted into 
Ekudget dcllars by multiplying each man-year by the marning 
cost. Tke total budget to fi11 the shortages for all duty 
positions is $2,856,CCO. However, CMF 11 and CMF 12 are 
only a pertion of all the duty positions which encompass the 


airborne community. Since training allocations will be made 
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TABLE Xil 
SQI S (FY 83) 


DUTY AUTH eo INVENTORY INVENTORY TUS P TOT AL 
POSITION ZATI W/O POOL @/P OOL SHORTAGE SHORTAGE 
11B1710S 6 -— 159 164 -- -- 
11B20S 7 14 92 98 -- -- 
11B30S 102(¢ 204 306 337 os -- 
11B40S 398( 796 a3 359 5 
11B50S 483{ 966 343 550 140 416 
11€10S 0 0 18 18 -=- -- 
11C20S 0 se 39 43 == -- 
11¢30S 14 69 74 —— = 
11C40S 144 288 81 92 63 196 
TOTAL 288 1049 
NOTE: The_ figures in parenthesis are the authorizations which 
includé the 2.0 MANPOWER FOOL FACTOR described in Chapter 1. 
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to these duty positicns authorized in FY 84, the percentage 
cf authorized duty pcstions which CMF 11 and CMF 13 comprise 
with respect to the tctal airberne community will be used to 
estimate that portion B of the total budget which is allo- 
cated fer training scldiers from the two CMF's in the three 
BoL's. The total numbers of authorizations in CMF 11 and 
CMF 13 are 18,544 and 2,882, respectively, while the total 
number cf authorizations in the airborne community is 
51,582. Therefore, the portion of the budget is: 


B [ (1€544 + 2882)7 51582] « 2856000 


(.415) ¢« 2856000 = $1,185,600. 
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TABLE XIII 
Calculation of PCT 


PCT = 409074411 = .091 
PCT = 26/ 169 = .154 
are = 288/1049 = .275 


where k=D-Parachutist,V-Ranger,S-Special Forces. 
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TABLE XIV 
: ae | 
| Calculation of Training Costs | 
| a = 1/2{({ 63.75+(1020¢.091) je. 81) + 63.75} = $ 95.29 | 
a = 1/2(({[ 170. 00+(1020 0. 154) Jeo. 64) +170.00} = $189.67 | 
t = 1/72(€({ 255. 00+(1020¢.275) Jo. 55) 255.003} = $274.64 | 
| : 

| 
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d. School Capacity 


The same situation exists for the school capaci- 
ties L , (k=P,V,S) for the three type of SQI's. The same 
percentage cf authorizations pertaining to the two CMF's can 
re used to estimate that pertion of each school capacity 
which will be allocated to train soldiers from CMF 11 and 
CMF 13. The overall capacities for FY 84 are; 
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SQI E—E : 20,000 (50 classes/year @ 400 per class) 

Ol V ; 1,000 (5 classes/year @d 200 per class) 

SQi F: 1,200 (12 classes/year @ 100 per class). 
fherefore, the forticn of each school capacity used by the 
cptimizaticn model is: 


I ={[.415] « 20000 = 8300 

lL =[{.415] « 1000 = 415 

1. = (-415}] «© 1200 = 498. 
2. Ibe Forecasting Model 


ae Stock Data 


The data required for the execution of the fore- 
casting model is divided into two categories: 1) stock data 
and 2) flew data. Ficw data will be discussed in the next 
subsecticn. Steck data is denoted as n (t) which refers to 
the numker cf soldiers in a specific duty position i ata 
particular time t. The aggregation of these duty positions 
Hpeedi—'e2,e-eK 1S the stock vector N(t). This is mathemati- 
cally expressed for k duty fositions as: 


NiGeles= (Ng ¢ <6 eN ¢e6 00 ) 
3s 1’ >° au a 


Within the scope of this thesis, the total number of duty 
Bositions k is 73. 
The stock data required for the execution of the 


forecast model is: 


1) the authorized number of soldiers in each duty position 


2) the current numker of soldiers in each duty position 


The twe types of stock data are obtained from scurces 
Gescribed in the previcus charters. 

Authorizations were extracted from the PERSACS 
document cated 13 Octcber 1983. The authorizations for CMF 
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11 and CFF 13 by SQI are listed in Tables X, XI, XII, and 
reflect the authorizations for FY 84. The authorizaticns 
for FY &5 and FY 86 are listed by CMF in Tables XXVITI and 
XXVIII. 

The current inventory by duty position for FY 83 
which pertain to CMF 11 and cCMF 13 was provided by 
MILPERCEN. This data was extracted from the Enlisted Master 
File (EMF) dated September 1983 and is listed by SQI in 
mmimeec Xf, 8Xt,  Xlii, for CMF 11 and CMF 13. There are two 
inventory columns listed: 


1) the current inventory excluding the manpower pool 


which was discussed in Chapter 1. 


2) the current inventory with the manpower pool 
included. The first category are only “jump" posi- 
tions. All duty ovositions of this type which are 


listed under the SQI 'P* are all "jump" assignments at 
Beer eEGagq, NOrth Carolina. 


Two empirical distributions which will be used 
to estimate other data are: 1)the relative frequency of each 
type cf SQI within each MOS-SL combination, and 2) the rela- 
tive frequency of each type of SL within each MOS. The 
first set cf frequencies is listed in Table XV and repre- 
sents the proportion cf soldiers present in each type of SQT 
for a particular MOS-SL combination of both CMF 11 and CMF 
3 « The second set of relative frequencies is listed in 
Table XVI and represent the proportion of soldiers present 
in each type of SL for a particular MOS in CMF 11 and CMF 
Se These distributions will primarily be used in esti- 
Rating the attrition rates. 


bt. Flow data 


The second type cf data required by the fore- 


casting model is flow data which is denoted as n. (t,t+1) 
ij 
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Relative Frequency for SQI 
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TABLE XVI 
Relative Frequency for SL 


MOS SL1 SL2 SL3 SLY SL5 
11B ras - 146 2134 109 -038 
em ts ASS S110 | 116 Soe 
11H 94 e2l> «i395 -056 mie oe 
13B 639 - 160 al20 -08 1 

13£ 2609 e220 e133 -000 “72 
13F Pat ee - 4&0 0254 e171 -<-- 
93F e273 318 B Parag | Ss 4 --- 
17C¢ «971 - 286 Pa Waa | ~03 2 --= 
17B -100 - 100 400 -400 === 
138 e474 256 368 -<o- co- 
S2¢ 496 119 Leo 156 -<<- 
13Y os -- -<-- ol 1.0 
134 one oon == = —a = 1s 
132 -<-- --- -<-- lalla i 


ee Oe ee ee ee el <  o) Ge «ce OE ge, a ee ee ee eee SE ee ee 


and represents the rumber cf soldiers moving between duty 
positions iand j during the interval +t to +t#+1. EOr 
brevity, the notation presented by Bartholomew [ Ref. 8] will 
te used wkere n. (t) iS equivalent to n. (t,t+1). 

the types of flow data required for the execu- 


tion cf tke forecastirg model are: 


UP 





1) tke numbers cf soldiers roving among all duty fosi- 
tions during the fiscal year. 

2) the numbers cf soldiers separating from the U.S. Army 
from all duty positions during the fiscal year. 

3) tke numbers cf soldiers terminating their SQI, and 
thus, mucving out of the airborne community from all duty 
positions during the fiscal year. 

G4) the numbers of soldiers who enter the airborne con- 
munity by completing SQI training during the fiscal 


year. 


The first type of flcw data is used in estimating the tran- 
sition and staying rates. The second and third types of 
flow data are used in estimating the attrition rates while 
the fcurth type of flow data is generated by the optimiza- 
tion model. 

There are many techniques with which to estimate 


the transition and staying rates p.. In the forecasting 
Bi 
model, tte flow data r. (t) and the ock data n (t) will be 
a 5 
used. The individual transition rate p.. denotes the frac- 


a 
tional flew rate at which scldiers fron ie: position i move 
to ancther duty position j during the fiscal year (Ref. 9]. 
The estimate of p.. is defined as: 

13 


F.,7= mn, (t)sn, (t) Aan lg 2 psc 3) (eqn 3.1) 
155] 5) 7 

If the flew and the stock data pertaining to the estimator 
p.. are available fcr several time periods for which the 
i 

Bae es do not differ significantly then the estimate of p. 


Cal 


can be mathematically expressed as: 


a3 





n 
izationally is Ree eo an the formel rank struc 
o this Be Se attrLite 


ture. Promcetion 
the soldier from CMF 11 and Cc 


| | 
| TABLE XVIT 7 
| Army-wide Promotion Rates (FY 83) | 
{ 
| 
| SL 1 to SL 2 - 168 { 
| SL 2 to SL 3 sale | 
Sips toesL 4 eZ6 
SL 4 to SL 5 . 086 
| Sie to [O07 2072 { 
Ncte: The category of 00Z is.a Single category whose | 
aygrade is E-9 and skill level is 5 but organ- | 
| 
| 
| 
| | 
| 
poe | 


| 


> a 2) = VE eeo se 


where the summations are cvéer all th2 T values 


both etocks and flows are available. 


for which 


In this situaticn, the transition rates in both 


matrices listed in Figures 2.7 and 2.8 in Section A.1 of 


Chapter 2 are mostly zeroes except for: 
1) premotion rates p, , which lie above 
diagcnal and whose Betes are listed in Table 
flow data was unavailable and the Army-wide 


used as the estimates of pf. at 
yes 


the main 
KV The 
rates were 


z) staying rates f-.. which’ lie along the main diagonal. 
a 


a 
g = * 
Althcugh no data was available to estimate these rates, 


the identity 
k 
SS ee le ely 2c 3c. «Kk 
‘ ij 1 
Biel 


(egn, 322) 


can ke applied to compute these rates once «he promotion 


74 





Fates ¢ , the attrition rates w. and the other pro- 
meticn rates discussed below are determined. 
3) premotion rates which pertain to the promcticn of 
ScesaicEs EeomnoL 4 to SL 5 ian MOSts 11C, 11H, 138, 13C, 
13E, 13F, 93F, 17C, 17B and the promotion of soldiers 
@rem SL 3 to SL 4 in MNOS 13k. These off-diagcnal ele- 
ments are the result of the career progression pattern 
listed in Figures 1.1 and 1.2 of Section A.4Y of Chapter 
1 which pertain tc CMF 11 and CMF 13, respectively. For 
example, op in Figure 2.7 is the promotion rate of 
scldiers in duty FOSition 22(11C40V) to duty position 18 
(11ESOV). Note that once a soldier with MOS 11C in SL 4 
is premoted his MCS beccmes 11B as illustrated in Figure 
ite 1s 
The same frocedure in estimating the transition 
tates can be applied to the estimation cr the attrition rate 
We Tre number of scldiers leaving the airborne community 
fon duty position i during the fiscal year t is dencted as 
n (t) where the category k+l represents a “holding" 
Plegory outside the airborne ccmmunity [Ref. 10]. The 


estimate cf the attrition rate w is defined as: 
4 


the number cf soldiers attriting from duty 
BGs. taen 1 during the fiscal year (t,++1) 


1 the number cf soldiers in duty position i 
at the beginning of the fiscal year t 
and can be mathematically expressed as: 


Fe = Da cn Nag ARI Nig’ 2 pane, <6 (eqn 3.3) 
In this amcdel, attrition is made up of soldiers 
who separate from military service and soldiers who "termi- 
nate" their SQI therekty leaving the airborne community. 
Therefore, n. A. is equal to the sum of the above two 


ee 
gGuantities. : 
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The separation data provided by MILPERCEN was 
extracted from the MOSFILE: Airborne Losses dated 11 October 
1983 and are categorized by MOS and SL only and are listed 
moe rable XVIII. In crder to obtain the number of soldiers 
who separated frem military service by duty positicn, the 
relative frequencies of the SQI's listed in Table XIV are 
applied tc each MOS-SL combination. This results in separa- 
tions Ey duty positions as listed in Table XVIII. The 
underlying assumption in applying this frequency distribu- 
tion is that all soldiers of a particular MOS-SL combination 
who separate from the U.S. Army are distributed among the 
three SQI's in the same proportions as soldiers of that same 
MOS-SL ccmkEinaticn ere distributed in the entire airkorne 
community. 

The termination data provided by MILPERCEN 
reflected only the number of soldiers of each MOS assigned 
to units at Fort Bragg, North Carolina who terminated their 
fer during FY 83. In order to estimate the number of 
soldiers of each duty positicn who terminated their SQI's 
during FY 83, three assumptions are made: 


1) scldiers of a specific MOS in the entire airtorne 
ccmmunity terminate their SQI's at the same rate as 
scldiers of the same MOS who are assigned to Ft. Bragg. 
2) scldiers terminating their SQI's in each MOS are dis- 
triktuted among tke five SL in the same proportions as 
scldiers in the entire airborne community. 

3) seldiers withir each MOS-SL combination who terminate 
their S@I's are distributed among the three SQI's in 
the same froportions as soldiers of the same MOS-SL 
ccemkination within the entire airborne community. 


For soldiers located at Ft. Bragg, within each 
MOS, the termination rate pertaining to CMF 11 and CMF 13 
are listed in Table XIX and are used as estimators of the 
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TABLE XIX 
Ft. Bragg Termination Rates (FY 83) 


— a ey 
i ] 
{ 
| 
| | 
| | 
| 
| 
| | 
| | 
{ TERMIN- PT. BRAGG TERMINATION | 
| MOS ATICHS INV ENTORY RATE | 
11B a7 6527 . 036 

| 11¢C 36 1143 2031 
118 iy 779 - 056 | 

13B 27 805 5034 
13¢ 0 20 000 | 

13E m 120 7033 

13F 17 231 074 

93P 0 17 -000 

17¢ 5 S5 091 
| 175 1 é : 167 ( 
| 13R 0 16 . 000 { 
82C 9 80 avis i 

13Y 0 2 ~000 
138 0 24 099 i 
132 0 3 ~ 000 
| | 
| 
| 
| 
i 
: 
| | 
i | 
Bs 2S EE a 2D = aS ee ee Ee eee Se ee as as ee eee cae em 
terminaticn rates fer the entire airborne community. The 


Humber of soldiers who terminate within a particular MOS 
during the fiscal year from the airkorne community were 
calculated using the estimated termination rates and are 
listed in Table Xx. 

With the number of soldiers who terminated 
within each MOS of the airborne community determined, a SL 
distributicn of soldiers from each MOS can be applied based 
upon the second assumption +0 eStimate the number of 
soldiers ty SL who terminated during the fiscal year. These 
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TABLE XX 
Terminations by MOS (FY 83) 


TERMINATION INVENTORY TERAIN-= 
MOS RATE W/POOL ATIONS 
11B - 036 12692 457 
11¢ -031 1905 59 
118 - 056 1087 61 
13B -034 1052 36 
13C - 000 37 0 
132 «033 191 5 
13P -074 327 24 
way - 000 22 0 
17¢ -091 63 6 
17B - 167 10 Z 
138 - 000 19 0 
82C e113 109 12 
13Y - 000 43 0 
138 - 000 uf 0 
132 - 000 pS) 0 


sl SE ie OE ct EE i eR le IE mm EE igi ER AMR py I a I ig a TE pe a, RN iy a i rca 


ce ED eee CRED oD Lees SS ee EE Ce a ee ee ee ee SE Le — 


o 


values were generated using the relative frequency distribu- 
tion and are listed in Table XXI. 

The third assumption allows the application of 
the relative frequency distribution for the three SQI's 
listed in Takle Xv. As a result, the number of soldiers by 
duty position who terminated their SQI during the fiscal 
year are listed in Table XXII. 

The sum of the two numbers of separations namely 
humber of attritions listed in Table XVIII and the number of 
terminaticns of jump status listed in Table XXII result in 
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TABLE XXII 
Terminations by MOS and SL (FY 83) 


TERM EN = 
MOS ATIONS SL1 Siz SL3 SLY SL5 
11B 457 239 67 61 50 40 
11C 59 a7 9 6 7 —< 
118 61 36 13 8 B -- 
13B 36 Z3 6 4 3 == 
13C 0 0 ) 0 0 = 
132 5 3 1 1 0 —— 
13F 24 3 11 6 4 -- 
Sle 0 0 0 0 0 == 
17C¢ 6 3 2 1 0 Sl 
178 2 0 0 1 1 = 
138 0 0 0 0 -- —— 
82C 2 6 1 3 2 Ss 
13Y 0 == = = == 0 
138 0 ove == 2 = = 0 
132 0 —— == == == ) 


et 


| ST ccs am mm A gy ET I a gy eS cm) lO a cag a cc a ee ile i A ey em aT 


the number cif seldiers in each duty position who attrited 
from the airborne community during the fiscal year. This is 
denoted as Q. (t) and is listed in Tabl2 XXIII. The 
estimat? cf et tC hematcor tts on rates £or CMF 117 and CMF 13 
can te calculated aGeOraing <O =EaGuation 3.3 above and are 


listed in Tables XXIV and XXV, respectively. 
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TABLE XXIII 
Attrition from the Airborne Community (FY 83) 
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TABLE XXIV 
Attrition Rates (CMF 11) 
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Rates (CMF 13) 
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EB. EXECUTICH OF THE SODEL 


1. Crtimization for R (83) 


The numbers cf soldiers determined to enter into 
each tyre cf SQI training by duty position are listed under 
columns 'xX1* and 'X2* of Table XXVI for CMF 11 and CMF 13, 
respectively. These numbers under column 'X1' and 'X2'" are 
the sclutions, X.., cf the optimization model. These solu- 
tions were computed using the FORTRAN computer progran 
RECMOD {Ref. 11]. As explained in the previous chapter, the 
numbers R (€4 and R_ (84) of soldiers who complete each type 
cof SQI training and enter into the airbcecrne community in CMF 
11 and CMF 13, respectively, can be computed by Equaticn 2.7 
miesecticn C of Charter 1. As a result, the number of 
soldiers who enter into the airborne community are also 
listed in Table XXVI under cclumns hE) and R (84). The 
recruitment vector R (84) which represents the number of 
soldiers whe enter into the airborne community in FY 84 can 
ke expressed as the catenation of the two recruitment 
vectors Be) and Why Ue) © 


R (84) = MY Weaa BR (84)) 


As described in the previous chapter, two transition 
Matrices were generated for CMF 11 and CMF 13. In Figures 
3.1 and 3.2, the transition matrices with the computed tran- 
Siticn pretabilities p,. fcr each CMF are shown. BY 
applying Equation 2.1 of Secticn A.1 of Chapter 2, the 
fredicted force level vectors | and (84) can be 
determined for CMF i1 and CMF 13, respectively, and are 
ieeecd in Tables XXVIII and XXVIII. Note that the individual 
elements cf both force vectors L and a are listed by duty 
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positicn under cclumn WN, in both tables. The force level 
vectors were Srila aes Gene a revised version of the of 
the computer program for the Markov Chain Model developed by 
PBarthclcnew and Porbes [Ref. 12], available in the APL 
language cn the NPS mainframe (IBM 3033). The force level 
vectcr N(E4) is an input into Equation 2.3 of Section B.1 in 
Chapter 2, from which elements Ba on, are calculated and used 
in the optirization mcedel in salle MASS the decision vari- 
able ae From Equation 2.7 of Section C of Chapter 2, the 
recruitment vector R(85) is determined. 


3. Ferecasting fer N(85) and N(86) 


Ey using the predicted force level of FY 84 and 
assuming all costs and completion rates to remain the same 
throughout the following year, the recruitment vector R(85) 
is determined by the optimizaticn model. The recruitment 
vectcrs BES) and R (85) are listed in Tables £XXVII and 
XXVIII, respectively. The prediczted force level vectors 
N (85) and N (85) were generated by the forecasting mcdel 
and their values are listed in Tables XXVII and XXVIII, 
respectively. 

This procedure can be repeated to calculate the 
recruitment vectors R (86) ard R (86), and the force level 
vectors N (&6) and N (86). The values of these vectors are 
also listed in Tables XXVII ard XXVIII. 


C. DISCUSSION OF RESULTS 
1. Analysis of the Optimization Parameters 
a. Discussicn of the Eudget 


The budget is a critical item in the optiniza- 


tion model as it provides the ccnstraint for which the 
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penalty function must be minimized. Por example, when the 
rudget is less than $224,200, the training allocations are 
made to parachutist training only. Above that dollar value, 
the allocations are made between the parachutist and special 
forces training until the budget of $596,864 is reached. 
Above that amount allocations are made among all three tyres 
GeeoQO.t training. 

To determine the number of allocations made to 
each SQI category, the computer program RECMOD FORTRAN 
(Ref. 13] was used. The efficiency of this algorithm is 
gqguestionatle for large budget values and a heuristic 
approach can be used to solve the problem. Assuming that 
the return functions R a are continuous the slope, which 
is the rate of change per dollar, of each function is 
defined as: 


> =f s/t k=1,2,3 
K k k 


where Se represents the slofe as the rate of change per 


dcllar of the return function of the kth SQI 
M represents the marginal decrease in the kth SQTI 


t represents the total ccst of training one soldier 
Pho tie okt Sci. 


Lagrangé tultiplier aralysis shows that an optimal answer 
must cccur where S =S =S . A search for S can be conducted 
from an initial value cf the slope. A bracketing sequence 
is applied +o find the optimal slope where the budget and 
training allocations are within an acceptable error. 

For exanrle, when a budget B=$450,0C0 is 
desired, the cptimal allocation vector is 
(P,V,S)=(3631,0,382) as generated by the computer progran. 
The heuristic approach begins by arbitrarily selecting an 





initial slepe (S = 5.0) and determining the corresponding 
allocation for each SCI and the associated cost. Dieweecst 
is then ccmpared to the given budget. If they ar¢ equal, 
the allocation is optimal. If not, a new value of the sicpe 
is censidered and the process is repeated. The search for 
the optimal slope ccncludes with S = -6.44 and the alloca- 
tion vectoris (P,V,S)=(3637,0,380). The budget ccrre- 
sponding to this allccation is $450,015. It is worth necting 
that the allocation vector is the optimal solution for the 
correspending budget $450,015. HOWeVEL, Since the true 
penalty functions are discrete, the slopes are not contin- 
uous functicns. Since no valves of the slope exist between 
discrete values, a slope value is approximated by the rate 
ef change per dollar cf the nearest discrete value. Hence, 
the method is not guaranteed to be optimal. In Table XXIX, 
a comrarison of the two allocation vectors is shown. The 
error of the heuristic approach for this problem is 0.5236 
percent. This heuristic approach will be used for further 
analysis cf the ktudget. 


TABLE XxXIx 
Computer vs Heuristic Method 


| 

SOI Ccmputer Results Hetristic Results Error (%) 
E 3631 3637 0. 1652 

| v 0 


i 
f 
0.0 { 
S a82 380 025236 
The Fudget used fer these calculations was $450,000. | 

( 


Ee a pS 


In Figure 3.3, the numbers of allocations in 
each category are plctted against different budget levels. 
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Note that for a budget of $400,000 to $500,000, the number 
cf allocaticns in SQI 'P* range from 3525 to 3705. It is 
within this budget range that the number of training alloca- 
tions remain almost constant ine Pabeenucis: training. 
Within this range, training allocations to SQI 'P*" vary only 
5.106 percent. 

Also, tke numbers of allocations in SQI 'S* for 
a budget ranging between $446,600 and $452,310, are 370 to 
Seee Within ¢his range, the training allocations to SQI ‘S' 
have a variation of 4.9 percent. 

Within bcth budget intervals mentioned aktove, no 
training allocations to SQI 'V' are made. The smaller 
budget interval of $446,600 to $452,310 is where the 
heuristic method prcecvides an allocation which would te no 
more than 4.9 percent in error. Bieene@, ot tS Within his 
Tange that a change in the Eudget will not appreciably alter 


the existing, optimal allocaticn of training slots. 
Depeelaalnang Cost 


An analysis of the training costs was conducted 
ky using a -tudget of $450,000 and the current course comple- 
mon cates listed in Table IX. Phe -eraining cost of each 
SQI was varied by +20% from its FY83 costs listed in Table 
XTYV. Mneacesitt OL VYamyang cnly the training cost for SQE 
'pt is shewn as the graph on the left of Figure 3.4, where 
the resulting change in each SQI allocation can be seen. [In 
Table XXX, the change in the training allocations in any SQI 
with a ccrresponding change in the “raining cost of SQI 'P! 
fem taisted. Note that the numbers within the parentheses 
reflect tke percent of change from the FY83 training ccst of 
$95.26. A ten percent error in estimating the cost of para- 
chutist training will not affect the allocations to SQI 'P? 
significantly. However, 1t will result in a thirty percent 
change in the EiLocadtrous +O. SOr. *S*. As the cost of 
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TABLE XXX 
Change in Training MISE CYSTS ws Training Cost of SQTI 


Training Cost SNe rele an BEee oc Allocatio 
fcr SQI P SQi P SOL SOLss 
75 130 (3-38) 33 (15 8 207 (38-92) 
ae me 76 (2.09 9 (100 103 (26.96 
105 42 (4-16) a 166 (20. 3) 
115 115(4.35 0 (0 198 (51.83 
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training a soldier in SQI 'F' decreases, more of the budget 
is availakle for other types cf training. As a result, the 
training allocations made to all three SQI's increase. 
Conversely, the allccations made to the SQI's decrease as 
the cost for training a soldier in SQI 'P* increases. 

The graph in the middle of Figure 3.4 shows the 
training allocations sade tc each type of SQI while varying 
the cest of ranger training. The following changes in each 
SQI allecation occurs with a change in the training cost of 


TABLE XXXI 
Change in Training Allocations vs Training Cost of SQI 


ence One in Training Allo ions 
fOr S V P SQI Ss 
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SQT ‘Vt and is listed in Table xXXXI. The wnMmer ers iin 
parentheses are the percent of change from the FY83 training 
cost cf $189.67. Netice that a ten percent error in esti- 
mating the cost of training a soldier in SQI 'V" has no 
effect cn tke training allocations. 

The graph on the right of Figure 3.4 shows the 
training allocations made to each type of SQI training while 
varying cnly the ccst of special forces training. The 
following changes inthe training allocations within each 
SQI results with the correspcnding change in *+he training 


— i. 7 
| TABLE XXXII | 
{ Change in Training Bee eon vs Training Cost of SQI | 
| | 
! aon Cost Change in PEC aie Allocations | 
| for Sor Ss SUT? SQT SOs | 
225 2 (- 133} 0 3} Ae Ge he 
| aa om 5(.138 0(0 42(11.00 | 

300° 19-275) (0 35 (9,182) | 
| 115 35(. 964 0 {0 69(18.06 | 
\ | 
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Gest Of SCI 'S' and is listed in Table XXXII. The nugrbers 
in parentkeses are tke changes in percent of the training 
allocations from the FY83 cost of $274.64. A ten percent 
error in estimating the cost cf special forces training dces 
not appreciably affect the allocations to the SQI's of 'DPt 
ana ‘'V*, But, the ten percent error may lead to as much as 
an eleven percent change in the the training allocations to 
soo *S*, 


o8 





Overall, changes in the training costs affect 
one SQI category. The magnitude of its impact on the allo- 
caticns is dependent cn the distribution of shortages by SsQt 
within the airborne community. In this case, the higher the 
cost of a particular type of training the more effect it has 
cn its cwn category when any of the costs of training are 
changed. 


ce. Course Ccmpleticn Rate 


An analysis of the course completion rates was 
conducted using a budget of $450,000 and the FY83 costs of 
training listed in Table XIV. Each course completion rate 
was varied to observe the change in the training allccaticns 
within each SOI. The result of varying the course comple- 
tion rate for parachutist training 1s shown as the grarh on 
the left cf PFigure 3.5 and the changes within e¢ach SQTI are 
listed in Table XXXIII. The numbers in parentheses repre- 
sent the percent of change in the allocations within each 
BOL fren the FY83 course completion rate Of 0.3112 
Underestimating the ccurse completion rate does not alter 
ene, training allocations significantly. For a cceurse 
completicn rate within the range of 0.81 to 0.3, the largest 
percentace error is 7.97%. 

The changes in allocations resulting from the 
variation of the course completion rate for ranger training 
are listed by SQI in Table XXXIV. The numbers in paren- 
theses are the percent of change in the training allecaticns 
for each SQI from tke FY83 course completion rate of 0.64. 
The graph inthe middle of Figure 3.5 shows the training 
allocaticns as only the course completion rate varies. The 
course ccrpletion rate for ranger «raining has little effect 
upon the training allccations of all three SQI's. 

The changes in training allocations resulting 
from the varilaticn of the course completion rate for special 
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| TABLE XXXIII | 

| Change in Training ae oe vs Completion Rate of | 
| Scale <8 zon Rate Change in Training Allocations 

F SQI P SQI V SQI S$ 

oR? 136 (3.75) 0 (0) 47 (12.30) | 

0.7 55 (1.52 0 (0 19 (4.974) | 

0.6 84 (2.31 2 {0} 29 (7.592 

{ O35 84 (2.31 0 (0 29 (7.592) | 

0.3 29(.797 5 t5} 19 (48°88 | 

| QO. 1 441(12.1 0 (0 140 (36.65 | 

ce 

_ | 

| TABLE XXXIV 

| Change in Training ae eocee ene vs Completion Rate of : 

| : 

Boer 2¢* 200 Rate Cuan in Training Allocations | 

I V SsQlt SQI V SOTm:S 

| 0.8 3(.0826) 13 (100) 7 (Nees.2) 

0.7 0 (0 3 {9 0 (0 

| 0.64 0(0 0 (0 0 (0 | 

i Oe 0 (0 0 (0 0 (0 { 

{ 0.4 0(0 9 {9 0 (0 | 

| Os 0 (0 0 (0 0 (0 | 

i 


forces training are shown as the graph on the right of 
Figure 3.5 and are listed by SQI in Table XXXV. in -fhis 
case, overestimating the course completion rate for special 
forces training has little effect on the training alloca- 
tions in any SQI while underestimating that rate can signif- 
icantly alter tha training allocations in all three SQI's. 
This phencemenon cccurs because a low course completion rate 
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TABLE XXXv | 
| Change in Training attocat one vs Completion Rate of ) 
| eee Rate Change in Training Allocations | 
| ee SOT S SQI P QI | 
OQ. 7 ge {5180} 9 {9 3 (52328) j 
| O- 2. 26 (. 7160 0 (0 9 (2.356 
0.4 64(1.763 16(100) 32(8.377) | 
| Uns 114 35149) 36 {100} 78 (13.37 { 
j SL 379¢10,44 136 (100) 215(56.28 { 
ee 


allows tke school capacity ccnstraint to be the binding one. 
The lew course completion rate requires more soldiers to 
Smecr intc training. This requirement can be met by the 
bkudget but the schocl is limited by the number of soldiers 
Mmencan train. 

Cverall, changes in the course completion rates 
Significantly affect the training allocations but are depen- 
dent cn the distribution of the shortages within each SQI 
relative te the overall shortage of the airborne community. 
In this situation, if the relative frequency of the short- 
ages within the airbkcrne ccemmunity is small then increases 
in the ccurse completion rate result in increases in the 
allocaticrs among all SQI's with little or no effect. EE 
the relative frequency of the shortages is large then any 
change in the course completicn rate results in significant 
changes cf allocations within all SQI's. The course comple- 
tion rates are not kighly sensitive as they can vary, in 
every instance, by at least 10 percent before an appreciable 
difference (greater than 4%) in the training allocations 


cccur. 
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Z. Discussicn of Forecasting Parameters 


The forecasting parameters are the individual 
elements p..andw,. cf the transition matrix and the attri- 
tion Sae8OE- mea peeeivielye These parameters are highly 
sensitive and tocether alter the values of the force level 
vector N(t). This section discusses how promotion, attri- 
tion, and retention felicies are incorporated into the fore- 
cast model as changes in the fparameters p.. and We The 
discussicn assumes that an initial transition matrix and 
force level vector have been generated. 


ae Promoticn Policy 


Changes in the promotion policy can apply tca 
Specific MOS andyor Sl. Also, a change in the force level 
vector can ke determined as the promotion rate pertaining to 
a specific duty rfposition is changed. For example, the FY84 
promotion policy may be changed to insure that soldiers in 
duty position 11B4Q0EF are promoted at the rate of (.250 
instead cf the previcus rate cf 0.086. The previous attri- 
tion rate of 0.058 is left unchanged while and the staying 
tate cf 0.856 is changed tc 0.692. The rest of the tran- 
Sition matrix is not altered. The resulting new force level 
vector N (85) is the same as in Table XXIX except the 
numbers for duty positions 11B40P and 11B50P are 699 and 
609, respectively. This policy change resulted in 133 fewer 
soldiers in duty position 11B40P and 123 more soldiers in 
duty position 11B50P. In this manner an appropriate progo- 
tion rate may be found that will have the desired increase 
or decrease in the rumber cf soldiers cf a particular duty 
BOs2tion. However, as the example demonstrates, acccmpa- 
nying changes in tte number cf soldiers of another duty 
position may also result. 
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If the decision is made to promote a specific SL 
at a particular rate then the effect on the inventory of the 
airborne ccmmunity may be determined by the forecasting 
model. For example, if there exists a shortage of soldiers 
in SL 2 andone warts to explore the effect of promoting 
more soldiers into that skill level, then for every MOS and 
SQI, the premotion rate to SL 2 in the transition matrix may 
be changed. While keeping the attrition rate the same, the 
staying rates are re-calculated using Equation 3.2 in 
Secticn A.2. The resulting new force level vector, N(t), as 
generated by the forecasting model will show the effects of 
the new promoticn policy to SI 2. 

Similiarly, policies which produce changes in 
combinaticns of MOS, SL, and SQI may be incorporated into 
the fcrecasting model in the same manner. 


Es Mteeition Policy 


If the attrition rates are changed and the 
rromoticn rates are teld fixed, a new staying rate must be 
determined using Equation 3.2 in the same manner as 
descriked akove. In this way, policy decisions affecting 
attrition rates may be incorporated into the forecasting 
model in the same manner as those affecting promotion rates 
were. For example, if an estimate is made that a new 
policy will result ina 20 percent attrition rate among 
soldiers in duty position 11B10P from the airborne ccmmunity 
and the promotion rates to SL 2 remain the same as listed in 
Table XVII, thena rew overall attrition rate of 0.632 may 
be calculated using Equation 3.2 for 11B10P soldiers. When 
these new rates are set appropriately into the transition 
Matrix, the effects cf the new policy may be seen in the 
resulting new force level vector. 
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c. Retention Policy 


Policy decisions of retention affecting duty 
Foscutaons, MOS*s, SL*S, of SOI'S, may be incorporated into 
the forecasting model in the same manner as described above. 
For example, if a new policy is to be evaluated that is 
thought to have the effect of retaining 80% of 11B10P 
soldiers, then the staying rate of all soldiers in duty 
rosition 11B10P is tc be changed to 0.80. Assuming the 
promotion rates to remain the same as those listed in Table 
xy l , the attrition rate cf 0.032 may be calculated by 
Pugdtion 2.2 9f Section A.2. These new rates may then be 
placed in the transition matrix and anew new force level 
vectcr may be cenerated by the forecasting model. The 
effects cf the new retention policy on the future inventcry 


may thus te evaluated. 
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IV. SUMMARY AND CONCLUSIONS 

During this transitional period in which the United 
States Army continues its force modernization, new weapons 
systems introduced into the airborne community are trans- 
lated intc new perscrnel and training requirements. The 
model formulated and discussed in this thesis can systemat- 
ically mcenitor trends in shifting manpower demands. Also, 
this mcdel is a planring aid for manpower decision-makers in 
answering “what if" questions and providing timely predicted 
cutcemes to alternate courses of action. It provides the 
cptimal distribution plan for each type of special training 
upon which assignments can be based subject to budget and 
school capacity constraints. This facet allows the model to 
rotentially link inventcry forecasts with the distribution 
of the manpower to the force. 


A. SUMMARY 


This thesis formulates a methodology which forecasts 
future ferce levels and determines the number of soldiers to 
ke trained as applied to the CMF's 11 and 13 within the 
airborne community. A model is formulated which consists of 
two sub-mcdels. The first sub-model is a forecasting model 
which applies Markov Theory to manpower planning while the 
second suk-model is an optimization model which employs the 
strategy cf dynamic programming. The application cf theory 
te both suk-models is discussed during the formulaticn of 
the aggregate model. The aggregate model was ccenstructed 
and applied to CMF 11and CMF 13. Empirical data of FY83 
waS used in the execution of the model. PELOL tio analyzing 
the cutput of the model, data preparation is discussed. Ar 
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analysis of the output is conducted to observe model 
phencrena. 

Since the scope of this thesis applies only to CMF 11 
ena cMF 13, a perticn of the budget and the school capaci- 
ties is used in the execution of the aggregate model. In 
reality, neither the budget nor the school capacities are 
divided ameng the CMF*s. Therefore, conclusions derived 
from the results of the model are only applicable within the 
limited score of this thesis. No global conclusions can be 
made about the parameters of this nodel. More study of the 
model is needed and areas for further research are listed in 
the final section of this chapter. 


E. CCNCIUSIONS 


The methodology that is used in this thesis +o solve the 
problem stated in Chapter 1 with respect to CMF's 11 and 13 
can be applied to the entire airborne community. The fore- 
casting mcdel employs the transition matrix for each CMF and 
bkinds them together as described above. Whether the CMF*s 
are 11 and 13, or all the CMF's of the airborne ccmmunity, 
the procedure of the ferecasting model may remain unchanged. 
Also, the optimizaticn model considers the allocation cf the 
kudget armcng the three SQI's and considers all MOS*'s and 
SL's within each SQI cf the airborne community separately in 
generating the return function mentioned in Chapter 2. The 
MOS*'s and SL*s are categorized by SQI before the optimiza- 
tion model is applied, regardless of the number of MCS*'s and 
2° Se 

The aggregate mucdel can bea reliable tool fer a 
manpcwer decision-maker. The model allows the forecasting 
of annual inventories of the airborne community and provides 
discernable information pertaining to training requirements, 


promoticn rates, and attriticn rates. The model can be used 
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+o evaluate current pfelicies pertaining to promotion, attri- 
tion, and retention. Also, it can show how good those roli- 
cies are in achieving desired force levels or else _ how 
counter-productive those same policies are. Further, it can 
provide timely feedback to the decision-maker about policies 
which effect the parameters of the model and change the 
inventories within tke airbcrne community. 

The optimization model is robust in that changes in the 
parameters will not appreciably affect the optimal scluticn. 
However, there are irstances in which a change in a paran- 
eter can significantly alter the solution. Wher given new 
kudget levels, training costs, and course completion rates, 
the cptimization model can provide timely feedback to a 
decision-maker in tke number cf soldiers who should enter 
and complete each type of special training and who will 


subsequently enter inte the airborne community. 


C. RECOMBENDATIONS 


[-aenepiecartton “cf the Model. to he Entire Aixrtorne 


Two of the assumpticns on which the model was fcrou- 
lated are major in the application of this model to all the 
MOS's, SI's, and ScCI*s in the airborne community. Both 
assumpticns can te relaxed so that the methodology discussed 
in this thesis can be applied to any finite number of MCS's, 
Sse’s, and SQI*s within the airborne community. The two 
assumfticns are that the CMF's are mutually exclusive and 
that intra-community movements are negligible e.g. a 
soldier in the farachutist ccmmunity conducting a PCS move 
to the ranger community is a rare event. 

In regard to the first assumption, CMF's are inter- 
dependent as all soldiers, no matter in what CMF they begin, 
can be promoted to the position of 00250. This position can 
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refer to any SQI and cnly soldiers in SL 5 can move to this 
position. 
To deal with this, a single eguation can ke stated 
which lirks all CMF‘'Ss together. 
N (t) = N (t-1) ¢ (t-w) +2 2 (t-1)0(p_) 
J J j i#j it iy 
where j represents tke positicn 00250 


i represents the duty positions from which 
promotion to C0250 can originate 
p.. represents tke prometicn rate from duty 
1) 
Ecsoitaonm. tc pOS:taon ji. 
For example, in CMF 11 and CMF 13, the single equa- 
tion linking the two CMF's together is: 


mete = N (tt) © (t-w_) + (n_(t-1) © p 
7 > 2) 


3 j 


+ n t-1) @ + 7 t- 1 e 
aa ) Pp 57 | ) Pp 


1835 275 


+ t-1) e +n ca) 
noo ) Pp 5a ' ) P 


673 68 5 
+71 t-1) e eqn 4.1 
69 ' ) P 695) (€q ) 
For FY85, the projected number of soldiers in the position 
00Z50 at the beginning of the year is: 
N (€5) =N (84) e(1-w ) + (448 00.072 
j j j 
+ 126 00.072 +550 00.072 #83 00.072 
+4 00.072 +5 e0.072) 
= N84) sales) + 85. (eqn 4.2) 


Further, the number cf soldiers in position 00250 at the 
beginning of the year was 114, i.e. N (84) = 174, The 
number whe left during PY83 was two wile the number of 
soldiers in that position at the beginning of FY83 was 113, 

Providing a rate of attriticn of y = 2/113 = 0.017. Hence, 
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the numker of soldiers N (85) in position 00250 at the 
beginning cf FY€5 is predicted to be 197 by Equation 4.2. 
The application cf an equation similar to Equation 4.2 can 
tie the forecasts for the entire airborne ccmmunity 
together. 

The second assumpticn was that intra-ccmumunity 
transfers were negligible. This assumption does not detract 
from the cperaticn cf the model but restricts the model in 
accounting for those soldiers who move among subccmmunities 
during tke fiscal year. This restriction forces all short- 
ages to te filled by newly trained personnel. One alterna- 
tive is tc estimate the intra-community PCS rates fron 
empirical data in the same manner as promotion and attrition 
rates were estimated. Another alternative is to determine 
from empirical data all scldiers who are qualified to 
conduct an intra-PCS move and 2stimate a percentace of the 
eligitle soldiers whe will conduct an intra-PCS move. For 
example, aranger-qualified soldier in a duty position 
Within the parachutist subccmmunity who is able to conduct a 
FCS move to the ranger subcommunity without having to 
undergo rancer training is an “eligible" soldier. If the 
total number of soldiers who are qualified in both SQI ‘Pp? 
and SCI 'V* in the parachutist subcommunity is known, then a 
percentace reflecting the number of soldiers “eligible” <¢o 
conduct a PCS move may be used as the estimate of the proeb- 
ability tkat a soldier moves from the parachutist to the 
ranger suktccmmunity during the fiscal year. This technique 
cf estimaticn requires that the number of soldiers qualified 
in several SQI's in €ach SQI subcommunity be known at the 
keginning cf the year. 


2. Cther Areas of Study 


c+ 


Q Enhance the Model 





There are mary potential areas which remain to be 
investigated and can fetentially increase the efficiency and 


effectiveness of this model. The areas of study are: 
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1) The study of each CMF within the airkorne 
community tc determine the relationships that 
generate the structure for the transition matrix 
pertaining tc each CMF. The determination of 
each transition matrix allows the relaxaticn of 
the assumpticn pertaining to the independence of 
€ach CMF andthe application of the méthodclegy 
cf this thesis tc the entire airborne community. 
2) The estimation of the transition probabilities 
te include Ecth inter-community and intra-ccmmunity 
movements. The estimation of the- transition prob- 
abilities is critical and may be determined over 
several time periods. The present unavailability 
of flow data is the major obstacle in this area. 
3) The evaluation of the model as a décision- 
making aid and itsS integration and implementation 
within the United States Army aS a manpower flan- 
ning guide. The real value of this model can be 
evaluated cnce it can anSwer questions rpertain- 
ing ¢o the entire airborne community. 

4) The optimization of training requirements by 
a generalized network algorithm as an efficient 
optimization alternative. 

5) The efficiency and effectiveness of the heurist- 
ic algorithm pertaining to the optimizaticn mcdel. 
6) the validation cf the model using empirical 
cata to determine its effectiveness in personnel 


prediction and optimization. 
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